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PreviewsNotch signaling is dispensable for activa-
tion of CD4+ T cells. These data indicate
that there may be a role for both RBP-Jk-
dependent and noncanonical signals in
T cell activation. The specifics of themilieu
in which T cells receive activating signals
and the phenotype of the APCs are likely
to play a dominant role in determining the
mode of Notch signaling, as well as the
downstream effects. Further experiments
will be necessary to resolve these
discrepancies.
Costimulation is known to play a key role
in promoting glucose metabolism during
T cell activation (Frauwirth et al., 2002),
and Laky et al. show that Notch-mediated
enhancement of costimulation is required
for a potent antitumor response. Further-
more, inhibition of Notch controls autoim-
munity in an experimental autoimmune
encephalomyelitis (EAE) model by
decreasing glucose uptake (Maekawa8 Immunity 42, January 20, 2015 ª2015 Elsevet al., 2014). Thus, modulation of Notch-
mediated metabolic switches in T cells
could be an important therapeutic tool. In
summary, Laky et al. identify a link be-
tween Notch, CD28 signaling, and meta-
bolism in peripheral T cells. In so doing,
they demonstrate that sensitivity to anti-
gen must be taken down a notch for
optimal T cell responses.REFERENCES
Adler, S.H., Chiffoleau, E., Xu, L., Dalton, N.M.,
Burg, J.M., Wells, A.D., Wolfe, M.S., Turka, L.A.,
and Pear, W.S. (2003). J. Immunol. 171, 2896–
2903.
Dongre, A., Surampudi, L., Lawlor, R.G., Fauq,
A.H., Miele, L., Golde, T.E., Minter, L.M., and
Osborne, B.A. (2014). Front. Immunol. 5, 54.
Eagar, T.N., Tang, Q., Wolfe, M., He, Y., Pear,
W.S., and Bluestone, J.A. (2004). Immunity 20,
407–415.ier Inc.Frauwirth, K.A., Riley, J.L., Harris, M.H., Parry,
R.V., Rathmell, J.C., Plas, D.R., Elstrom, R.L.,
June, C.H., and Thompson, C.B. (2002). Immunity
16, 769–777.
Helbig, C., Gentek, R., Backer, R.A., de Souza, Y.,
Derks, I.A., Eldering, E., Wagner, K., Jankovic, D.,
Gridley, T., Moerland, P.D., et al. (2012). Proc.
Natl. Acad. Sci. USA 109, 9041–9046.
Laky, K., Evans, S., Perez-Diez, A., and Fowlkes,
B.J. (2015). Immunity 42, this issue, 80–94.
Maekawa, Y., Ishifune, C., Tsukumo, S., Hozumi,
K., Yagita, H., and Yasutomo, K. (2014). Nat.
Med. Published online December 15, 2014.
http://dx.doi.org/10.1038/nm.3758.
Palaga, T., Miele, L., Golde, T.E., and Osborne,
B.A. (2003). J. Immunol. 171, 3019–3024.
Radtke, F., MacDonald, H.R., and Tacchini-Cot-
tier, F. (2013). Nat. Rev. Immunol. 13, 427–437.
Vilimas, T., Mascarenhas, J., Palomero, T., Man-
dal, M., Buonamici, S., Meng, F., Thompson, B.,
Spaulding, C., Macaroun, S., Alegre, M.L., et al.
(2007). Nat. Med. 13, 70–77.Self-Determination in the T Cell RepertoireMichael E. Birnbaum1,* and K. Christopher Garcia1,2,*
1Departments of Molecular and Cellular Physiology and Structural Biology, Program in Immunology, Stanford University School of Medicine,
Stanford, CA 94305, USA
2The Howard Hughes Medical Institute, Stanford University School of Medicine, Stanford, CA 94305, USA
*Correspondence: mbirnb@stanford.edu (M.E.B.), kcgarcia@stanford.edu (K.C.G.)
http://dx.doi.org/10.1016/j.immuni.2014.12.025
The number of T cells specific for various antigens can vary dramatically. In this issue of Immunity, Nelson
et al. (2015) report that these differences might be, at least in part, set by the number of cross-reactive self
peptides encountered by T cells during development.How many T cells recognize a given
peptide antigen presented by a major his-
tocompatibility complex (MHC)? Gener-
ally speaking, the more naive T cells that
recognize a peptide antigen bound to
MHC, the stronger the resulting immune
response (Jenkins and Moon, 2012). But
this conceptually simple question has
proven difficult to answer in practice.
Several years ago, Jenkins and col-
leagues devised an elegant method to
determine the number of T cells that recog-
nize anantigen: by enriching T cells stained
with peptide-MHC (pMHC) tetramers of
interest, they can directly count naive, an-
tigen-specific T cells (Moon et al., 2007).Using this technique, they have found
that the number of naive T cells that recog-
nize a given pMHC is consistent from
mouse to mouse, but can vary by orders
of magnitude between different pMHCs
(Moon et al., 2007). But what causes these
differences? In this issue of Immunity,
Nelson et al. showed that T cells recognize
many (but not all) MHCs displaying pep-
tides that share T cell receptor (TCR) con-
tact epitopes. They also found the number
of T cells that recognize a given pMHC in
the mature T cell repertoire is negatively
correlated with the number of self antigens
that share that pMHC’s TCR contact
epitope, likely due to editing in the thymusduring T cell development (Nelson et al.,
2015) (Figure 1).
Nelson et al. took advantage of two
properties of pMHC-TCR interactions to
find potentially cross-reactive peptides
with an array of model antigens bound to
the mouse class II MHC I-Ab. First, by
knowing the binding register of peptides
for class II MHC, they predicted which
peptide side chains would be seen by
the TCR (position or ‘‘P’’2, 3, 5, and 8)
and which would primarily bind the MHC
(P1, 4, 6, and 9) (Jones et al., 2006). Sec-
ond, because TCR cross reactivity can
occur through limited changes to TCR
contact residues and a larger degree of
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Figure 1. A Model of How the T Cell Repertoire Is Shaped
In the thymus (left), self peptides with different TCR contact epitopes (orange and purple) bound to MHC
are present in different amounts. T cells that recognize higher-abundance peptides are more likely to be
deleted. In the periphery, when mature T cells encounter antigen (right), there are fewer T cells, with lower
affinity TCRs, recognizing non-self antigens that share TCR contact epitopes with highly prevalent self an-
tigens. For T cells that recognize fewer self-antigens during selection (bottom right), the higher abundance
T cells might also be more likely to initiate autoimmunity upon encountering non-self peptides with a
shared TCR recognition epitope.
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Previewschanges to MHC contact residues, they
identified peptides predicted to cross
react with their previously characterized
model pMHCs (Birnbaum et al., 2014).
The authors experimentally tested their
predictions by immunizing mice with mi-
crobial peptides predicted to cross react
with their model system antigens and
then looked for expansion of T cells reac-
tivewith themodel systempMHCs.Many,
but not all, of the microbial peptides with
shared TCR contacts increased the prev-
alence of T cells recognizing the model
system antigens. Why do some peptides
with a shared TCR contact epitope cross
react while others do not? A panel of sin-
gle alanine mutants of the model system
peptides showed that while all TCR con-
tact epitopes residues were crucial for
recognition, MHC contact substitutions
also significantly reduced the T cell
response for a subset of the peptides.
If unrelated peptides that share TCR
contacts are cross reactive, then a pep-
tide expressed during thymic selection
should be able to delete T cells that are
responsive to an antigen that shares
TCR contacts. To test this, Nelson et al.
used a mouse transgenic for the 2W pep-
tide to look for T cells able to recognize
2W109, a peptide that shares every TCR
contact, but no MHC contacts, with 2W.In these mice, they found the number of
2W109-reactive T cells cut in half. Even
though 2W and 2W109 share a TCR con-
tact epitope, there were T cells able to
distinguish between the two. The reduc-
tion of 2W109-reactive T cells was caused
by the loss of T cells also able to bind 2W-
tetramers, while the number of T cells that
bound to only 2W109 tetramers remained
unchanged. 2W109-reactive T cells that
emerge from thymic selection in the pres-
ence of the overexpressed 2W peptide
showed differences when compared to
their control group comparators. The re-
maining T cells were stained by 2W109
tetramer with lower intensity than 2W109
cells from a wild-type (WT) mouse (indica-
tive of a lower affinity interaction), and
were more sensitive to mutations of
MHC contact residues.
There are a few possibilities explaining
how MHC contacts can affect a peptide’s
T cell recognition. Most prosaically, while
alanine is reported to be an accepted sub-
stitution at each MHC contact position for
I-Ab, it is possible that some sets of MHC
contacts are less amenable to alanine
substitution, so the mutations disrupt
peptide binding to the MHC. Second,
even though the peptide’s position in the
class II MHC groove is largely fixed (Jones
et al., 2006), mutations to the peptide canImmunitysometimes result in minute changes to
peptide conformation that affect TCR af-
finity and T cell activation (Kersh et al.,
2001). Correspondingly, MHC contact
residues that permit TCR recognition of
any given peptide are often a subset of
those permissive for MHC binding and
might vary for different TCRs (Birnbaum
et al., 2014).
What do these results tell us about how
the T cell repertoire is shaped in a WT
mouse (or person)? First, the authors hy-
pothesized that pMHC with TCR contact
epitopes more heavily represented in the
‘‘self’’ proteome should be recognized
by a smaller pool of naive T cells and
that these interactions should be lower
affinity. Indeed, the data shows a weak
negative correlation between the number
of naive T cells able to recognize a given
peptide and the number of potentially ho-
mologous self-peptides. A weak correla-
tion is not surprising, given that the num-
ber of possible homologous peptides in
the mouse proteome is likely an imperfect
proxy for what epitopes are in high abun-
dance in the thymus. The correlation be-
tween number of T cells recognizing a
peptide of interest and the intensity of
staining was significantly stronger.
The second hypothesis offered is that
autoimmunity can arise from incomplete
deletion of clones that are high affinity
for self antigens, perhaps due to those an-
tigens being underrepresented or absent
in the thymus. To this end, they found a
relatively large pool of naive T cells able
to recognize I-Ab bound to myelin oligo-
dendrocyte glycoprotein (MOG) peptide
and that these T cells were activated
when immunized with bacterially derived
peptides with a shared TCR contact
epitope.
The data presented by Nelson et al.
corroborate our recent findings that TCR
cross reactivity can enable recognition of
seemingly unrelated peptides that share
TCR contact epitopes (Birnbaum et al.,
2014). In C57BL/6 mice, which encode a
single class II MHC, the authors estimated
160,000 (or 204) potential epitopes for the
CD4+ T cell repertoire to patrol (Nelson
et al., 2015). The subtle effects of MHC
contact residues on TCR recognition
might increase the number of potential
epitopes, but this is balanced out by
many TCRs that permit broader recogni-
tion of pMHC than a single residue for
each TCR-facing position along the42, January 20, 2015 ª2015 Elsevier Inc. 9
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Previewspeptide (Birnbaum et al., 2014). Perhaps,
then, the surprise is not that cross reac-
tivity between self and foreign antigens oc-
curs, but that it is notmore rampant.With a
limited set of pMHC epitopes, it seems
plausible that for nearly any T cell of inter-
est, one would be able to find cross-reac-
tive and perhaps activating self pepti-
des. Conversely, strict negative selection
based on all possible self peptides seem-
ingly would not leave any T cells to fight
infection. Negative selection in the thymus
might therefore be more likely to weed out
the worst-acting T cell clones: those that
are very high affinity to a high abundance
self antigen or excessively cross reactive
(Huseby et al., 2005). It also speaks to
the likely importance of factors such as
the prevalence of antigen and an inflam-
matory local environment to activate
T cells in the periphery.
The work here presents an interesting
contrast to recent studies by Germain
and colleagues, who find that T cells that
received a stronger TCR signal during se-
lection are more active in the mature im-10 Immunity 42, January 20, 2015 ª2015 Elsmune response (Mandl et al., 2013), and
Allen and colleagues, who show that
thymic expression of a single self pMHC
known to induce positive selection of
moth cytochrome C (MCC)-specific
TCRs skews the TCR repertoire to contain
more clones that recognize MCC (Lo
et al., 2014). Allen and colleagues have
also recently shown that T cell clones ex-
pressing TCRs with similar affinity for a
given non-self pMHC can show signifi-
cant signaling differences, which are set
during positive selection in the thymus
(Persaud et al., 2014).
Determining how these mechanisms of
self determination fit together will be
important to more fully understand the
shaping of the T cell repertoire and might
provide insight into autoimmunity and
developing better vaccines.
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Liver Kupffer cells (KCs) are self-maintained tissue-resident macrophages. In this issue of Immunity,
Ble´riot et al. demonstrate that bacterial infection leads to KC necroptosis and quantitative replacement
by monocyte-derived macrophages that contribute to antibacterial immunity and restoration of tissue
integrity.Macrophages are innate immune cells of
the myeloid lineage that are found in
essentially every tissue of the body.
They support tissue homeostasis during
steady state and serve as sentinels that
respond to external signals in case of
infections or tissue injury. Recent studies
have demonstrated that most residenttissue macrophages are populated dur-
ing embryonic development and can
persist into adulthood as a result of their
long lifespan and low rate of local prolifer-
ation (reviewed in Gentek et al., 2014).
However, it depends on the specific tis-
sue environment as to what extent tissue
macrophages self-maintain indepen-dently from monocyte input. For
example, in the heart, macrophages of
embryonic origin are gradually replaced
by monocyte-derived macrophages as
local self-renewal is decreasing with age
(Molawi et al., 2014), whereas in the intes-
tine they are replaced shortly after birth
because of microbiota-mediated signals
